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Abstract
Background: Pediatric acute compartment syndrome (PACS) is a rare limb-threatening emergency. Diagnosis is com
plicated by pediatric developmental physiology and communication barriers. Although traumatic fractures are the primary 
cause, non-fracture etiologies present unique diagnostic challenges. This review summarizes the latest evidence on the 
changing epidemiology, pathophysiology and diagnostic approaches to acute, chronic, and non-fracture compartment 
syndromes in children. Methods: A comprehensive literature search was conducted across the PubMed/MEDLINE, Embase, 
and the Cochrane Library databases. The review included English-language, peer-reviewed articles published between 
January 1966 and May 2026, utilizing Medical Subject Headings and keywords such as “compartment syndrome,” “pediatric,” 
“children,” and “fasciotomy”. Results: The diagnostic approach to PACS has shifted from the unreliable “5 Ps” at late stages 
to the early “3 As”: increased anxiety, agitation, and analgesic requirements. Children naturally have higher baseline 
compartment pressures than adults, so pediatric-specific interpretations of pressure monitoring are required. While 
fracture-related PACS generally has an excellent prognosis if recognised and treated promptly, non-fracture acute 
compartment syndrome frequently suffers from critical diagnostic delays, leading to high rates of myonecrosis. The 
definitive standard of care remains an emergent decompressive fasciotomy. However, pediatric tissue demonstrates robust 
regenerative capacity, enabling conservative initial muscle debridement and achieving high success rates with delayed 
primary wound closure. Conclusions: Although pediatric patients have remarkable healing potential, even following 
delayed surgical interventions, early recognition is essential to preventing permanent disability. The ability to safeguard 
limbs depends entirely on clinician’s ability to prioritize the behavioral “3 As” over late-stage neurovascular changes.
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Introduction
The most common cause of compartment syndrome in children is trauma.1,2 Acute compartment syndrome (ACS) is an 
orthopedic emergency that threatens the limb. It requires a high level of clinical suspicion and immediate decompression. 
Because it is time-sensitive, failure to promptly recognize and treat it can lead to severe complications.3,4 A missed diagnosis 
can result in Volkmann’s ischemic contracture, a devastating, lifelong disability.5,6 However, the developmental physiology 
of growing individuals and the communication barriers of the pediatric population can complicate diagnosis.7,8 Additionally, 
since ACS is less common in children than in adults, clinicians who work primarily with children may not recognize its signs 
and symptoms.7,9 Moreover, studies indicate that the time between injury and development of peak compartment pressure in 
children may exceed 24 hours, which is significantly longer than in adults.8,10

These factors can lead to prolonged ischemic periods and adverse outcomes because the core pathophysiology involves 
critical elevation of intracompartmental pressure (ICP) within an inelastic fascial space. This leads to microvascular 
compromise via alteration of the arteriovenous gradient, resulting in progression of hypoxia and cellular damage. Ultimately, 
this can result in irreversible muscle necrosis and nerve death.1,6,11,12 Timely recognition and surgical decompression are 
critical to saving the limb and its function.

While fractures are the primary concern for clinicians, there is a growing recognition of non-fracture etiologies that present 
unique diagnostic challenges. Other causes of compartment syndrome include vascular injuries, surgical positioning, 
extravasation, infections, and insect, snake, or animal bites.1,3 Additionally, in developing nations, treatments by traditional 
bone setters represent an additional cause of pediatric compartment syndrome.13,14 ACS can affect children of any age, 
though the etiology correlates with age.1,15 In children under 10 years of age, the cause is usually a vascular injury or infection. 
In children over 14 years of age, trauma or surgical positioning is typically the cause.1,16

This review aims to synthesize the latest evidence and help clinicians navigate the evolving epidemiological landscape and 
diagnostic paradigms of acute, chronic, and non-fracture-related compartment syndrome in children.

Methods
A comprehensive literature search was conducted across the PubMed/MEDLINE, Embase, and Cochrane Library databases. 
The search identified articles relevant to ACS in the pediatric population that were published between January 1966 and May 
2026. The search utilized combinations of the following Medical Subject Headings (MeSH) and free-text keywords: 
“compartment syndrome”, “pediatric”, “children”, “fracture”, “intracompartmental pressure”, and “fasciotomy”. The search 
was restricted to English-language and peer-reviewed articles.

Epidemiology and pathophysiology of growing limbs
The vast majority of pediatric acute compartment syndrome (PACS) cases are caused by high-energy trauma.11,17 Non- 
traumatic causes, on the other hand, include vascular injuries, surgical positioning, infections, envenomation, and restrictive 
treatments applied by traditional bone setters. These causes fall under the umbrella of Non-Fracture Acute Compartment 
Syndrome (NFACS).1,14,18,19

PACS can occur at any time during childhood and adolescence. However, the risk profiles and primary etiologies differ 
significantly between early and late adolescence, reflecting the anatomical and physiological changes that occur during 
musculoskeletal maturation.1,20 In children under 10 years of age, the cause is usually a vascular injury or infection. In 
children over 14 years of age, trauma or surgical positioning is typically the cause.9,16,21 The risk profiles for PACS are 
summarized in Table 1, which categorizes them by age group (Table 1).

PACS is more prevalent in males, particularly adolescent males, and is associated with a higher incidence of high-energy 
traumatic injuries in patients with larger muscle mass.1,20,22 A critical driver of adolescent risk is the “Altered Ratio” theory.1
In adolescent males, the rapid growth of muscle mass often exceeds the capacity of the noncompliant, inelastic fascial 
envelope to expand. This precarious ratio makes the adolescent limb susceptible to critical pressure elevations following 

Table 1. Risk profiles for pediatric acute compartment syndrome, categorized by age group.

Feature Early childhood (<10 years) Adolescence (≥14 years)

Primary Etiologies Vascular insults, IV infiltration, infection High-energy trauma, overexertion, sports
Risk Factors Iatrogenic injury, systemic illness High BMI, comminuted/segmental fractures
Anatomical Drivers Developing vascular systems Rapid muscle hypertrophy/Inelastic fascia
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moderate trauma or exercise.1,22,23 Consequently, high-energy mechanisms, most notably pedestrian versus vehicle and 
motorcycle accidents, are the primary cause of PACS in modern trauma centres. This has replaced the historical risks 
associated with skin or skeletal traction and early Spica casting, which can contribute to compartment syndrome by 
mechanically increasing pressure within the muscle compartments and restricting the limb’s ability to expand during post- 
fracture swelling. Although both are standard non-operative treatments, primarily for paediatric femur fractures, improper 
technique or tight application can directly affect local haemodynamics.8,11 For example, femur fractures can be treated with a 
Spica cast or surgical fixation, such as flexible nailing or plate fixation. These methods eliminate the need for skin traction and 
long casting periods.8,17

Today, the most common PACS-related fractures are forearm and tibial shaft fractures. The risk of supracondylar humerus 
fractures has decreased due to modern treatment methods.2,17,18 Approximately 40% of PACS are due to tibial shaft 
fractures.1,20 Although these fractures remain the predominant cause, modern practice must also account for the broader 
epidemiological spectrum of the disease, which is often more subtle. Providers must be vigilant for “incipient” and atypical 
presentations, such as neonatal limb compartment syndrome. This exceedingly rare condition presents at birth or during the 
immediate postpartum period. It primarily affects the upper extremities and is classically indicated by a “sentinel skin lesion,” 
such as blistering or necrosis, rather than by a traumatic event (Figure 1).

While the vast majority (up to 85%) of PACS cases are caused by traumatic fractures,3 there is a growing recognition of 
NFACS that pose unique diagnostic challenges and have specific epidemiological profiles.1,9

Vascular insults represent the most frequent etiology of PACS following fractures.1 In one study focusing exclusively on 
NFACS in children, vascular issues were the single most common cause, accounting for 28% of cases.9 The diverse etiologies 
within this category include intravenous fluid infiltration, arterial or intraosseous cannulation, deep vein thrombosis, 
spontaneous bleeding (e.g., from anticoagulation or hemophilia), and complications related to extracorporeal membrane 
oxygenation.1 The epidemiological risk profile for these vascular events contrasts with trauma-induced PACS; whereas 
trauma predominantly affects older adolescents, PACS resulting from vascular insults and infections occurs more frequently 
in younger children under 10 years of age.1 Furthermore, vascular-related PACS often presents atypically. These patients 

Figure 1. A 3-week-old neonate admitted for neonatal respiratory distress syndrome, with an intravenous line in the forearm 
secured using splints and bandages. Clinical appearance immediately before (A) and after (B) fasciotomy and one month after 
skin closure (C).
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may not exhibit classic severe pain, but instead demonstrate high rates of poor perfusion (64%) and motor deficits (36%) upon 
initial presentation.1,9 Postischemic tissue is highly susceptible to slight increases in interstitial pressure. Vascular injuries 
can quickly lead to muscle ischemia and necrosis. Damage to blood vessels can cause bleeding or severe swelling, which can 
cut off blood flow. Ultimately, this warrants a lower threshold for surgical decompression. The causes and mechanisms fall 
into three categories:

Vascular injury: Direct tearing or trauma to an artery or vein can create a large, hidden hematoma inside the muscle.
Ischemia-reperfusion: When blood flow is blocked (ischemia) and then restored (revascularization), the sudden rush of 

oxygen can cause severe cellular swelling and fluid leakage.
Tight space: Since muscle fascia is essentially made of connective tissue that cannot stretch, internal pressure quickly 

builds up and compresses small blood vessels.24,25

Infections are a rare atraumatic cause of PACS, representing about 10% of non-fracture cases.9 The epidemiology of 
infection-related PACS differs significantly from trauma-induced cases: while traumatic PACS predominantly affects older 
adolescents, cases arising from infections occur most frequently in younger children under 10 years of age.1 In studies 
evaluating NFACS in childrern, patients with infectious etiologies are often the youngest demographic, with one cohort 
averaging just 4.2 years of age.9 Furthermore, in a specific study analyzing infants and toddlers under 3 years old, infections 
accounted for 27% of all compartment syndrome cases.15 Infection-related compartment syndrome is primarily driven by 
Gram-positive organisms, most notably Methicillin-resistant Staphylococcus aureus, Methicillin-susceptible Staphylo
coccus aureus, and Streptococcus pneumoniae15 (Figure 2).

Although rare, bites from animals, insects, and snakes are documented causes of PACS.17,26 Children are particularly 
vulnerable to severe complications from snakebites because their smaller body size and lower total blood dilution volume 
make the venom more toxic.27 Beyond venomous snakes, PACS has also been reported following dog bites, spider bites, and 
flying insect bites.17,26

Improper or prolonged intraoperative limb positioning is a known iatrogenic cause of PACS. The greatest risk occurs 
during prolonged abdominal, pelvic, or urologic surgeries where the patient is placed in the dorsal lithotomy position.1,3,9

Diagnostic evolution: The shift from the “5 Ps” to the “3 As”
The traditional diagnostic paradigm, based on the “classic five Ps” (pain, pallor, paresthesia, paralysis, and pulselessness), is 
an inadequate safeguard for children. These signs often represent late-stage ischemia and irreversible myonecrosis rather 
than early indicators and typically appear only after irreversible ischemic damage has occurred.2,17,28 Furthermore, preverbal 
or agitated children cannot provide the necessary subjective sensory feedback.2,7,17

Contemporary practice has shifted toward the “3 As”: anxiety, agitation, and analgesia requirements.7
Anxiety: the child exhibits increasing unexplained apprehension and restlessness.
Agitation: the child becomes inconsolable, uncooperative, and severely distressed, displaying a demeanour that is 

disproportionate to their injury.
Analgesic requirements: the child demonstrates an increasing need for pain medication, specifically higher doses or more 

frequent administration of opioids, which ultimately fail to provide adequate relief. Research by Bae et al. revealed that an 
increasing analgesic requirement is often the first sign of PACS, occurring several hours before neurovascular changes and 
uncontrolled pain.2,7,10

Figure 2. A 12-year-old patient with a history of a previous ankle sprain. MRI demonstrates peroneal osteomyelitis with a large 
abscess collection in the deep posterior compartment, accompanied by superficial and deep fasciitis (A). Post-operative outcome 
following compartment decompression and debridement via medial and lateral leg incisions, with skin closure achieved using the 
shoelace technique (B).
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Temporal safeguards

According to Bae et al., “analgesia demand,” or an increase in the frequency or dosage of narcotics (PCA or nurse- 
administered), is the most sensitive early indicator. This requirement has been shown to precede neurovascular signs by an 
average of 7.3 hours.17 It is crucial to understand this temporal window. Lin et al. reported a median injury-to-fasciotomy time 
of 20 hours,10 and Livingston et al. noted that NFACS experience a median delay of 48 hours.9 Recognizing the “3 As” is 
critical for safeguarding against these diagnostic blind spots (Figure 3).

In adults, delayed presentation of ACS is usually considered a contraindication for decompressive fasciotomy because the 
procedure performed late is more likely to result in severe infection and wound-healing complications, which outweigh the 
benefits of preventing irreversible nerve and muscle necrosis.8,10 However, according to contemporary orthopedic literature, 
pediatric ACS is considered a distinct clinical entity. Therefore, the traditional adult approach of withholding late fas
ciotomies should not be applied to children.10

The rationale for this divergence in management is multifactorial. First, pediatric patients have an good capacity for tissue 
healing and nerve regeneration, which allows for substantial functional recovery even after prolonged ischemic intervals. 
Additionally, the pathophysiological timeline of ACS appears to differ in children. The time between initial injury and peak 
compartment pressures is significantly longer in children than in adults, which expands the window of tissue viability.8,10

Robust clinical data supports an aggressive surgical approach in the pediatric population. Multiple case series report 
excellent functional outcomes and a notable absence of postoperative infections in children who underwent fasciotomies 
between 72 and 119 hours after their initial injuries.8,10,15 Consequently, while early recognition and intervention are the 
ultimate goals, surgeons are advised to proceed with decompressive fasciotomy in pediatric ACS patients with delayed 
presentations, as children consistently demonstrate superior tolerance to late surgical decompression without the devastating 
morbidities typically observed in adults.1,8,10

Analgesia demand

Pain management in the context of acute compartment syndrome presents distinct challenges in children compared to adults, 
primarily because pain assessment in young, frightened, or non-verbal pediatric patients is inherently difficult.7,17,29 Adults 
may report excessive pain, while it is more difficult to assess children’s pain. Pain medication is a sensitive indicator of ACS, 
often preceding classic symptoms by hours. Balancing pain relief and risk is challenging, especially in children. Dense 
neuraxial anesthesia and opioid-based patient-controlled analgesia are discouraged in high-risk patients because they can 
mask the breakthrough pain of compartment syndrome as it develops. Contemporary approaches recommend using low- 
concentration, site-specific nerve blocks for pain management and diagnosis.1,6,7,9,17,29

It is difficult, if not impossible, to perform invasive compartment pressure measurements on an awake, injured child. 
Young children, especially infants and toddlers, are usually too anxious to cooperate with having needles inserted into their 
injured limbs. This often requires conscious sedation or general anesthesia. However, if a child’s condition is serious enough 
to require surgery, the surgeon will perform a decompressive fasciotomy.8,11,15,29

Contemporary pediatric orthopedic practice relies on clinical assessment, such as the “3 A’s,” rather than absolute 
pressure numbers for diagnosing PACS.18 Invasive pressure measurements are not routine for young children, but they are 
used in specific high-risk scenarios or as a confirmatory measure in the operating room after anesthesia.18,30

Figure 3. A 13-year-old female patient with lower limb length discrepancy secondary to a previous leg malignancy, who underwent 
limb lengthening with a magnetic intramedullary nail (A), complicated by compartment syndrome on post-operative day 2 
(intraoperative view of the leg fasciotomy; B).
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Managing a fasciotomy wound in a pediatric patient typically necessitates repeated general anesthesia. Following initial 
decompressive surgery, the standard of care requires the child to return to the operating room for serial washouts, tissue 
reassessment, debridement, and incremental wound closure.3,5 Because dressing changes and wound manipulations are 
distressing and painful for young patients, these sequential procedures are routinely performed under general anesthesia.18

Modern dermatotraction devices gradually pull the edges of the skin together at the bedside, eliminating the need for an 
additional trip to the operating room. However, these specialized mechanical devices are not widely used on children because 
many cannot tolerate the procedure at the bedside.18 Consequently, reliance on general anesthesia is a recognized short-term 
morbidity of fasciotomy wound management in children. It contributes to prolonged hospital stays and delayed rehabilitation 
while the clinical team works to close the wounds successfully.4,18

Diagnostic warning checklist

According to the current evidence, the following diagnostic warning checklist provides a structured guide to help interpret 
four clinical signs that suggest compartment syndrome:3,7,10,17,18,30

1. Uncontrolled pain is defined as pain that is out of proportion to the injury or refractory to escalating narcotic doses.17,30

2. Pain on passive stretch, which corresponds to exquisite discomfort during passive extension of the involved 
compartment’s musculature.3,17

3. Agitation and anxiety that increase over time and cannot be explained by environmental factors;7,10,18

4. Palpable tenseness, which is identified upon physical palpation of the affected limb.3,30

Intracompartmental pressure monitoring and thresholds
Objective ICP monitoring must be sought when clinical signs are equivocal, particularly in obtunded, sedated, or very young 
patients.1,6,7,10,18 However, the values obtained during the clinical assessment must be interpreted in the context of the 
patient’s age. The physiological characteristics of children differ from those of adults and from those of children of different 
ages. This affects how these values are interpreted:

- Resting pressures. Children have higher normal resting pressures (13.3-16.6 mmHg) than adults (5.2-9.7 mmHg).1,7,8

- Absolute thresholds. The difference in baseline resting compartment pressure between children and adults is clinically 
significant because standard fasciotomy thresholds, such as an absolute pressure greater than 30 mmHg or a perfusion 
gradient less than 30 mmHg, are based on adult models.7,8,28 Applying these adult cutoffs to children, who naturally 
operate at higher baseline compartment pressures and lower systemic blood pressures, is unreliable and risks 
unnecessary surgical interventions.1,7,8,28

- Delta pressure (ΔP) is calculated as diastolic blood pressure minus ICP. A ΔP <30 mmHg is the standard threshold for 
decompression, though some evidence suggests that children may remain asymptomatic until ΔP <20 mmHg.1,7,28

- Vascular thresholds. In cases of vascular injury, post-ischemic tissues undergo hypoxic metabolic changes at higher 
pressure differentials. For these patients, a more aggressive threshold (ΔP <40 mmHg) for fasciotomy is warranted to 
preserve compromised tissue.1,30

Modern diagnostic adjuncts

Near-infrared spectroscopy (NIRS) is a non-invasive technology that measures tissue oxygenation by detecting the different 
light absorption properties of oxygenated and deoxygenated hemoglobin. It can sample tissue up to 3 cm below the skin’s 
surface, providing continuous, real-time tissue oximetry.6,7,28

NIRS is a promising diagnostic tool for PACS, but it’s not the gold standard for diagnosing it in children. Although it has 
been evaluated in adults, researchers have not established universally accepted or standardized cutoff thresholds that reliably 
indicate critical tissue ischemia in growing individuals.6–8,18,28

NIRS has its advantages and disadvantages. Among its advantages is that it is non-invasive and avoids the pain and 
agitation associated with inserting a needle manometer into an awake child. NIRS also allows for continuous monitoring, 
providing an ongoing, real-time assessment of tissue oxygenation rather than a single pressure reading at a specific point in 
time. Additionally, NIRS can assess oxygenation in muscle tissue up to 3 cm below the skin surface (deep tissue 
sampling).6–8,15,28

However, the technology has some limitations. Notably, there is a lack of standard thresholds and defined cut-off values 
for definitively diagnosing significant tissue ischemia.7,18 Furthermore, variations in skin pigmentation and subcutaneous fat 
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thickness can negatively impact accuracy.15 Further study is needed before the technology can replace clinical evaluations or 
invasive manometry and be safely and routinely integrated into everyday pediatric clinical practice15,28

Traumatic PACS: Fracture-specific risk profiles
According to Villarreal et al. and Shore et al., age over 14 years, higher body mass index (BMI), and comminuted or segmental 
fracture patterns are risk factors for PACS secondary to trauma.16,23 Tibial shaft fractures are the most common cause of post- 
traumatic PACS, but other fracture patterns can also cause it in children.

Tibial shaft fractures

Tibial shaft fractures are the primary cause of traumatic PACS, accounting for over 40% of cases, although other fracture 
patterns can also cause PACS in children.1,8,20,31 The treating surgeon should pay close attention to any clinical picture 
compatible with compartment syndrome.1,8,20

Extensor retinaculum syndrome

Extensor retinaculum syndrome is an acute entrapment neuropathy predominantly affecting children aged 10 to 15 following 
displaced distal tibial physeal fractures.32

Anterior displacement of the fractured tibia compresses the underlying structures within the rigid superior extensor 
retinaculum, causing localized ischemia that mimics a compartment syndrome.32

Anatomical studies confirm that the extensor hallucis longus muscle is particularly vulnerable to this localized 
compression because a significant proportion of its muscle fibers extend directly beneath the superior extensor retinaculum 
and it receives a relatively sparse arterial blood supply.33

Patients classically present with disproportionate ankle pain, numbness in the great toe web space (indicating deep 
peroneal nerve compression), toe extension weakness, and intense pain upon passive toe flexion.32

Diagnostically, tissue pressures are increased (>40 mm Hg) strictly beneath the retinaculum, while pressures in the 
anterior leg compartment remain normal.32

Tibial tubercle avulsion fractures

Bergen et al. reported a 0% acute compartment syndrome rate in a recent cohort with stable Ogden types I–III tibial tubercle 
avulsion fractures (TTAF), suggesting that these fractures can be managed with same-day discharge. However, a high level of 
caution is required for Ogden types IV and V TTAF because extension to the posterior metaphysis increases the risk of injury 
to the anterior tibial recurrent artery.34,35

Femur fractures

The transition to immediate Spica casting or surgical fixation with elastic nailing has largely mitigated the historical risk of 
PACS in pediatric patients with femur fractures managed with skin and skeletal traction.1,7,17

Skin traction uses strips or boots wrapped with elastic bandages to pull the leg longitudinally. It can cause compartment 
syndrome in several ways:

The bandages are wrapped too tightly: As the leg swells from initial trauma, these tight bandages act as a tourniquet, 
trapping fluid and elevating pressure.

Excessive traction weight: Pulling forces that are disproportionate to a child’s weight overstretches the fascial envelopes. 
This narrows the muscle compartments, increasing internal pressures.

Arterial spasms and ischemia: Limb elevation can trigger arterial spasms, restricting blood flow.
Uninjured limb vulnerability: In setups like Bryant’s traction (where both legs are suspended vertically), compartment 

syndrome can develop in the uninjured leg due to sustained elevation and tight bandaging.1,17,36,37

Supracondylar humerus fractures

Supracondylar humerus fractures are the leading cause of upper extremity compartment syndrome in children.17,31 The risk 
increases with severe displacement, associated vascular injury, or treatment involving closed reduction and casting with 
elbow flexion exceeding 90 degrees.7,17,18 This treatment artificially reduces compartment volume and compresses the local 
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vasculature. Notably, while the baseline risk for isolated upper extremity fractures is very low, research demonstrates that 
when a displaced extension supracondylar humerus fracture is combined with a displaced ipsilateral forearm fracture, the 
absolute risk of developing compartment syndrome raises to 33%.38 Because exactly one-third of pediatric patients with this 
specific combination of displaced fractures will develop the condition, a floating elbow places the child at increased risk, 
necessitating mandatory inpatient monitoring and close perioperative observation.7,18

Forearm fractures

Acute compartment syndrome is rare in pediatric forearm fractures. It most commonly affects boys between the ages of 
10 and 14 and is often the result of high-energy trauma, open fractures, or extensive surgical manipulation.3,5–7,17,18

Crush injuries of the foot

Crush injuries are the most frequent cause of ACS in the pediatric foot.39,40 Diagnosing this condition is challenging due to 
communication barriers with young children, inconclusive radiographs resulting from skeletal immaturity, and the fact that 
classic neurovascular signs like pulselessness or paralysis are unreliable and typically absent during the initial 
presentation.39,40 Clinicians must maintain a high index of suspicion when a patient presents with marked swelling, bruising, 
and severe pain that is disproportionate to the injury and exacerbated by passive toe movement.39,40

If the condition is suspected, the diagnosis should be confirmed using multiple ICP pressure measurements, specifically 
targeting the central and interosseous compartments because they are the most sensitive indicators.39,40

Non-Fracture Acute Compartment Syndrome
NFACS is characterized by a significant diagnostic “blind spot,” with median delays of 48 hours resulting in a high rate of 
myonecrosis (54%).9,18

Extravasation, casts, and crush injuries in child abuse

Atraumatic or non-fracture etiologies often suffer from delayed diagnosis and carry a high rate of subsequent myonecrosis.
The poor recovery rate (56%) in NFACS compared to fracture-related ACS (>90%) is primarily attributed to the lack of 

“heightened awareness” clinicians maintain for skeletal injuries.9,17

The etiologies of NFACS can be categorized as follows:

1) Trauma: Blunt force or crush injuries without fracture;9,15

2) Infectious: Deep spontaneous infections;15

3) Postoperative: Prolonged positioning (e.g., dorsal lithotomy) or regional anesthesia that masks symptoms;1,9

4) Exertional: Exertional Compartment Syndrome, is a rare, limb-threatening condition caused by acutely elevated 
compartment pressure triggered solely by physical exertion, without any discrete traumatic event. Because it mimics 
more benign conditions, it is frequently misdiagnosed by physicians and athletic trainers as a muscle strain or shin 
splints, leading to dangerous treatment delays;1,41

5) Extravasation of intravenous fluids: Iatrogenic vascular injuries are a leading cause of non-fracture PACS. The 
pediatric population is distinctly vulnerable to intravenous infiltration injuries due to the fragility of veins in children 
and the increased velocity of fluid administered through smaller catheter tips;9,15,42,43

6) Tight casts: Any external force that decreases the volume capacity of a compartment can cause ischemia. Restrictive, 
circumferential dressings and tight casts can create compression that compromises microcirculation. Similarly, 
immobilization techniques, such as 90/90 Spica casting for femur fractures, can also cause ischemia;1,7,43

7) “Crush” Injuries and Non-Accidental Trauma: Providers must maintain a high level of suspicion for severe soft- 
tissue crush injuries, especially in cases of child abuse. These mechanisms cause massive, rapidly evolving 
interstitial edema. Since caregivers often provide vague, misleading, or absent histories for these injuries, 
recognizing disproportionate swelling and distress is critical for preventing irreversible limb loss and other 
systemic injuries.8,15
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The pediatric reflex: High-energy mechanisms in a flexible skeleton

To understand why children develop ACS, it is necessary to examine their unique musculoskeletal physiology. Because the 
pediatric skeleton is highly elastic and resilient yet porous, children with healthy bones require a greater amount of energy to 
sustain a fracture than adults do.44,45 Consequently, when a child experiences a high-energy impact (e.g., a motor vehicle 
collision), a significant amount of force is absorbed by the surrounding soft tissue per unit area.22 Children, especially 
adolescent males, have rapidly growing muscle masses that are tightly encased within thicker, tighter, and relatively inelastic 
fascial envelopes.1,16,20,22

This anatomical mismatch limits the compartment’s ability to expand. When the trauma’s massive energy induces acute 
interstitial bleeding and edema, the unyielding pediatric fascia causes ICP to spike rapidly, creating the perfect storm for 
devastating ischemia.1,3,11,15,22

Management: Decompression and wound care
The standard of care for established PACS is emergent, wide-incision decompressive fasciotomy.17,18 The mantra “time is 
tissue” and “if in doubt, do a fasciotomy” remains the governing principle.11,28

The consequences of a missed diagnosis (such as Volkmann’s contracture and limb loss) are devastating; the threshold for 
surgical intervention in children is often lower than in adults.1,5,18,20 Consequently, “prophylactic” fasciotomies are 
relatively common in high-risk scenarios, such as during proximal tibial osteotomies or when clinical suspicion remains high 
despite equivocal objective data.1,17,18,28,46

Prophylactic fasciotomy is recommended for patients at risk of developing ACS, particularly following prolonged 
ischemia, reperfusion injury, high-energy trauma, or fractures. The procedure is performed before symptoms appear. The 
surgical technique is chosen based on the clinical setting. Open long-incision fasciotomy is preferred for acute traumatic 
conditions, while limited-incision approaches are used for elective procedures.

For acute trauma, such as tibial fractures (about 45% of ACS cases), the gold standard is complete decompression through 
full-length skin (10 to 15 cm) and fascial incisions. This approach releases all compartments, prevents constrictive skin after 
fascial opening, and facilitates accurate identification of intermuscular septa. It also minimizes the risk of incomplete 
decompression of the anterior or deep posterior compartments. In contrast, smaller 4 to 5 cm incisions can be used for elective 
procedures, such as tibial osteotomies or chronic compartment syndromes, where severe edema and ischemia-reperfusion 
injury are not anticipated. Decompression in these cases is achieved by extending the fascial release proximally and distally 
through the limited incision using blunt-tipped instruments. However, limited or percutaneous fasciotomy techniques are 
generally contraindicated in acute lower extremity ACS because restricted exposure may result in incomplete compartment 
release. This can lead to persistent intracompartmental hypertension, muscle necrosis, increased morbidity, and potentially, 
mortality. Furthermore, blind fascial division is technically challenging because it is difficult to maintain fascial tension, and 
limited visualization increases the risk of iatrogenic injury to the superficial peroneal nerve. While a limited-incision 
technique is a documented, less invasive alternative in elective tibial procedures, surgeons must ensure adequate proximal 
and distal fascial release. Any postoperative evidence of acute compartment syndrome should prompt immediate conversion 
to a formal full-length open fasciotomy.1,17,18,20,22,28,46

Non-surgical management

When PACS is suspected, the initial non-operative management must be rapid and include the following steps:

1) Remove all circumferential dressings, and split or bivalve casts down to the skin. Cutting and opening a plaster cast 
can reduce external cast pressure by 40% to 60%, while cutting the underlying restrictive bandages can reduce 
pressure by up to 80%.22,37

2) The affected limb should be kept at heart level and not elevated. Traction on the limb should also be avoided. Elevating 
the limb decreases the arteriovenous pressure gradient, which can further compromise critical microcirculation and 
worsen tissue ischemia, unlike general edema1,18

The surgical protocol

The gold standard for treating PACS is a fasciotomy performed in a timely manner.3,6,8,29 Complete decompression is 
essential. After fasciotomy, surgeons must evaluate muscle viability using the “four Cs”: color, consistency, contractility, 
and capacity to bleed.18
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For the leg, a four-compartment release is usually performed using two long incisions: an anterolateral incision and a 
posteromedial incision. Alternatively, all four compartments can be successfully decompressed using a single-incision 
technique, which involves a long lateral incision extending from just distal to the fibular head down to the lateral 
malleolus.3,11,18

The thigh is divided into three distinct compartments: the anterior, posterior, and adductor compartments. Decompression 
of both the anterior and posterior compartments can usually be achieved through a single lateral incision. The third 
compartment, the adductor compartment, is rarely involved,18 Tarsal tunnel release is often part of the urgent surgical 
decompression required for tibial nerve.39,47

PACS in the upper extremity is considered extremely rare.6,18 When decompression is necessary, the anterior and 
posterior compartments are typically released using lateral incisions on both sides.6

For the forearm, volar and dorsal releases are standard, combining the opening of the carpal tunnel to prevent median nerve 
damage.3,18,24 An S-shaped or curvilinear incision often suffices to decompress all volar compartments, though a sup
plementary dorsal incision may be. Necessary if pressures remain elevated in the dorsal or mobile wad 
compartments.6,18,31,48

For the hand, decompression is typically achieved via two dorsal incisions over the second and fourth metacarpals.6,18 The 
same applies to the foot, where decompression is achieved via one or two dorsal incisions over the second and fourth 
metatarsals.18

Wound management

The next important step after fasciotomy is wound management.
Delayed primary closure is typically attempted after 48–72 hours and is successful in a large proportion of cases.4,5,18

Vacuum-assisted closure (VAC) therapy is used after fasciotomy to reduce swelling and promote granulation tissue 
growth.4,18,37 After VAC treatment, direct closure may be possible.

In 12%-21% of cases where edema precludes primary closure, split-thickness skin grafting or tissue expansion is 
necessary.1,9

Fasciotomy wound closure remains challenging, requiring a balance between delayed primary closure and minimizing 
complications. The shoelace technique is one of the most widely used methods because it is simple, safe, and inexpensive. 
Staples are placed along the wound edges and connected with a vessel loop in a crisscross pattern, which is tightened every 
48 hours as edema resolves (Figure 2(b)). Several modifications have been described. The technique is particularly useful in 
resource-limited settings and often avoids the need for skin grafting, although excessive tension may cause skin ischemia, 
necrosis, or staple detachment.49–51

A second approach, dynamic dermatotraction, uses mechanical devices to exploit the viscoelastic properties of the skin 
(the elongation of skin under constant load over time).and promote gradual wound closure.49,51–53 The third major strategy is 
vacuum-assisted closure (VAC) or negative pressure wound therapy (NPWT), which uses foam dressings connected to a 
vacuum pump. NPWT reduces edema, removes wound fluid, stimulates angiogenesis, and may decrease bacterial burden. 
Although it is associated with higher costs and a greater likelihood of requiring skin grafting, it is considered the safest option 
for high-risk patients.51–53

Secondary intention healing, in which the wound is left to close on its own, has largely been abandoned. It is associated 
with high rates of infection, prolonged hospitalization, muscle necrosis, and excessive scarring. It is now only used as a last 
resort when primary closure fails due to infection.54–58

A meta-analysis of 23 studies including 606 patients revealed that dynamic dermatotraction had the highest closure 
success rate (92.7%), followed by gradual suture approximation (92.4%). VAC achieved a success rate of 78.1%. However, 
dynamic dermatotraction and gradual suture approximation had the highest complication rates (18.4% and 14.83%, 
respectively), while VAC had the lowest rate (2.49%). These results demonstrate the importance of balance between 
maximizing primary closure and minimizing complications.1,9,37,49–53

Successful closure depends on allowing edema to subside before applying tension. Premature or excessive tension can 
lead to skin necrosis, delayed healing, recurrent compartment syndrome, infection, and hypertrophic scarring. Consequently, 
there is no definitive gold-standard technique, and treatment should be tailored to the individual patient. Overall, simple 
suture approximation methods, particularly the shoelace technique, remain among the most commonly used and effective 
options.
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The pediatric recovery paradox

Clinicians should be conservative with initial debridement in children. Pediatric muscle recovery is more robust than in 
adults; tissue that appears dusky or non-contractile on initial inspection often demonstrates reversible myonecrosis and 
recovers viability during subsequent serial washouts (average of 3 surgeries).1,3,18,41

Functional outcomes and long-term recovery
The long-term recovery and functional outcomes of pediatric compartment syndrome largely depend on the underlying 
etiology and the timeliness of the surgical intervention.59 Despite the potential for devastating complications such as 
irreversible muscle necrosis, Volkmann’s contracture, and permanent nerve damage, pediatric patients generally exhibit a 
remarkably robust capacity for tissue and nerve recovery.1,59 Consequently, children often achieve better functional 
outcomes than adults, even in cases where surgical decompression is substantially delayed.3,10,18

1. Acute Compartment Syndrome has a relatively good prognosis due to the resilience of pediatric tissue, and the majority 
of children achieve excellent functional outcomes and full recovery. They often return to their pre-injury activity 
levels.8,60 While long-term complications are uncommon, diagnostic delays can result in persistent muscle weakness, 
stiffness, or devastating sequelae like Volkmann’s contracture.8,59,60

2. Nonfracture Acute Compartment Syndrome (NFACS) has a significantly worse prognosis than fracture-related ACS 
due to its atypical presentation, with 54% of patients demonstrating myonecrosis at the time of surgery.9,18 Only about 
half of children with NFACS achieve a complete functional recovery, while the rest often suffer from persistent pain, 
or neurological and functional deficits9 (Table 2).

3. Exertional Compartment Syndrome is triggered by physical exertion and normalizes with rest, meaning it rarely 
causes the limb-threatening tissue necrosis or permanent nerve injury seen in acute presentations. Patients are safely 
and successfully managed with elective fasciotomy, allowing for an excellent long-term functional 
recovery.41(Table 3).

Chronic exertional compartment syndrome
Chronic exertional compartment syndrome (CECS) is a debilitating but non-limb-threatening condition characterized 
by a reversible increase in pressure within a non-compliant, inelastic fascial compartment during physical activity.61,62

This elevated pressure compromises local tissue perfusion, leading to transient ischemia and neuromuscular 
dysfunction.61,62 Unlike acute compartment syndrome, which is a surgical emergency typically caused by trauma, 
CECS is predictably triggered by exertion and reliably resolves once the offending activity ceases.61,62 While CECS can 
occasionally occur in the upper extremities of rowers or motorcyclists, it predominantly affects the lower extremities.61

Specifically, the anterior and lateral compartments of the lower leg (the calf) are the most frequently involved 
anatomical zones.63

Although CECS has historically been studied in adult military personnel, it is increasingly recognized in the pediatric and 
adolescent populations.61,64 In this demographic, it most commonly affects adolescent female athletes (average age of 16) 
who participate in running-intensive sports such as track, soccer, and field hockey.64 The pathophysiology in adolescents is 
suspected to involve rapid muscle hypertrophy during growth that outpaces the expansion of the surrounding fascial 
envelope.41 Patients typically present with chronic, activity-induced lower leg pain, tightness, weakness, or numbness (such 
as foot drop) that worsens as exercise continues and dissipates within minutes to hours of resting.62–64

The diagnosis of CECS is often delayed because physical examinations at rest are typically unremarkable.61 It is 
essentially a clinical diagnosis supported by objective testing to rule out overlapping conditions like medial tibial stress 
syndrome (shin splints), stress fractures, or popliteal artery entrapment syndrome.62,63 The current gold standard for 
confirming CECS is intramuscular compartment pressure (IMCP) testing using the Pedowitz criteria, which involves 
measuring tissue pressures within the specific lower leg compartments at rest and at 1-minute and 5-minute intervals after an 
exercise treadmill protocol.63,64

However, these diagnostic criteria—originally established entirely in adult populations—present several profound 
clinical and practical limitations when applied to pediatric patients.6,28,64,65 First, children physiologically maintain 
significantly higher baseline resting compartment pressures than adults, with normal pediatric values averaging 13 to 
16.6 mmHg compared to just 5.2 to 9.7 mmHg in adults.1,6–8 Applying the absolute adult-derived Pedowitz resting 
threshold of 15 mmHg to children therefore introduces an exceptionally high risk of false-positive diagnoses in 
asymptomatic young athletes.28 Second, because pediatric patients have lower baseline systemic blood pressures, they 
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operate under narrower perfusion gradients (diastolic blood pressure minus compartment pressure), routinely tolerating 
small gradients (30 mmHg) without displaying any tissue ischemia.28,29 Third, absolute pre-operative pressure 
measurements and the number of positive Pedowitz criteria fail to correlate with or predict post-operative symptom relief, 
return-to-sport success, or patient satisfaction in younger cohorts.64,65 Fourth, obtaining these dynamic measurements 
requires an invasive, painful procedure that is poorly tolerated by anxious awake children; the resulting distress and muscle 
guarding can artificially spike tissue pressures, thereby compromising diagnostic reliability.7,18 Finally, the testing is 
highly sensitive to confounding technical variables and does not account for the prolonged pressure normalization time, 
which many pediatric investigators consider to be the most characteristic feature of the disease.63,66

Management of CECS should initially begin with a trial of nonoperative strategies. These include prolonged rest, physical 
therapy, and biomechanical interventions such as gait retraining.63 For example, transitioning a runner to a forefoot strike 
pattern can significantly reduce the biomechanical load on the anterior and lateral compartments of the lower leg.61,63

Additionally, ultrasound-guided botulinum toxin A (Botox) injections into the affected musculature have emerged as a 
promising conservative treatment to reduce exertional compartment pressures.61,63

For pediatric patients who fail conservative management and wish to return to high-level athletics, the definitive 
treatment is an elective surgical fasciotomy to release the tight fascial compartments.63,64 In children and adolescents, 
minimally invasive endoscopy-assisted compartment releases are highly favored to minimize surgical morbidity.61

Surgical intervention in the pediatric population is generally highly successful, yielding a return-to-sport rate of nearly 
80%.64 However, families must be counseled on the risk of recurrence. Pediatric studies demonstrate an 18.8% 
recurrence rate requiring reoperation; notably, the odds of surgical failure and recurrence are 3.4 times higher when 
surgeons perform an isolated release of only the anterior and lateral compartments of the lower leg, compared to a 
comprehensive release of all four lower leg compartments (which also includes the superficial and deep posterior 
compartments).64

Guidelines and action to take in clinical practice: A strategic clinical summary
Clinicians must maintain a heightened index of suspicion across all etiologies, utilizing the “three A’s” for early 
detection.30,44 In the neonatal population, diagnosis remains strictly clinical and necessitates the prompt recognition of 
sentinel skin lesions, such as blistering or focal necrosis, characteristically presenting on the forearm postpartum.7,37,43

Intracompartmental manometry serves strictly as a diagnostic adjunct for uncooperative or obtunded patients.7,10,30

Initial non-operative management mandates immediately removing circumferential dressings, bivalving casts,17,22,30

maintaining the limb at heart level to optimize the arteriovenous pressure gradient, and supporting hemodynamic 
normotension.30

The definitive standard of care remains an emergent, wide-incision decompressive fasciotomy across all affected 
compartments, strictly adhering to the maxim “if in doubt, do a fasciotomy”.11,18,28

Standard surgical approaches include a dual or single-lateral incision for the leg,11,18 a volar curvilinear incision for the 
forearm, and dual dorsal incisions for the hand and foot.6 Intraoperatively, surgeons must exercise extreme conservatism with 
primary muscle debridement due to the robust regenerative capacity of pediatric tissue.1,6,18

Table 3. Clinical characteristics and outcomes of chronic pediatric compartment syndrome.

Condition or 
fracture pattern

Prevalence/ 
Incidence

Key diagnostic 
indicators

Treatment/ 
Management 
protocols

Reported 
outcomes/ 
Complications

Source

Volkmann’s 
Ischemic 
Contracture 
(VIC)/Neglected 
ACS.

37 patients 
identified over 
3 years; more 
common in 
developing 
countries.

Irreversible tissue 
necrosis, fixed 
flexion 
contractures, claw 
hand, and muscle 
atrophy.

Excision of fibrosed 
muscle, neurolysis, 
tenolysis, 
Z-lengthening, and 
tendon transfers.

Reasonable 
improvement in 
range of motion; 
completely normal 
function is often 
impossible.

13,45

Chronic Exertional 
Compartment 
Syndrome 
(CECS).

Not statistically 
quantified in 
sources.

Exercise-induced pain 
and moderately 
elevated pressures 
that normalize with 
rest.

Elective fasciotomy. Excellent long-term 
functional recovery; 
rarely causes 
permanent injury.
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Post-decompression wounds must remain open and be managed with negative pressure wound therapy and serial 
washouts every 48 to 72 hours, optimizing the wound bed for eventual delayed primary closure.1,3,4,18

Conclusions
The prognosis for PACS is generally excellent when treatment occurs within the critical ischemic window. Over 90% of 
children achieve full functional restoration within six months.17 However, the consequences of delay, especially in NFACS, 
are severe and can include persistent neurological deficits, myonecrosis, and the rare necessity of amputation.9

Conditions such as intravenous fluid infiltration, infection, tight casts, and neonatal compartment syndrome can be easily 
misdiagnosed.15,43 Preventing long-term disability depends entirely on the surgeon’s ability to prioritize the behavioral 
“3 As” over late-stage neurovascular changes.7,10

The surgical management of PACS highlights the remarkable healing capacity of the developing child. Unlike adults, 
children routinely achieve excellent functional recovery even when decompressive fasciotomy is significantly delayed (e.g., 
24 to 72 hours post-injury).2,8,15 Furthermore, pediatric patients have a high success rate with delayed primary closure over 
multiple serial debridements, which minimizes the need for cosmetically inferior skin grafting.1,4,6

Diagnosing pediatric CECS remains challenging, relying heavily on clinical suspicion and dynamic ICP testing.63,64,66

Epidemiologically, it most commonly affects adolescent female runners in the lower extremities,64 and competitive 
motorcyclists in the upper extremities.56Although conservative measures like gait retraining and botulinum toxin A 
injections show promise,63 decompressive fasciotomy remains the definitive treatment, allowing approximately 80% of 
young athletes to successfully return to sports.64,66 However, clinicians must be aware of a nearly 19% recurrence rate that 
requires reoperation, which occurs most frequently following isolated anterior and lateral compartment releases.64 For 
patients who decline surgery, normal daily functioning is entirely possible, though their participation in strenuous sports will 
remain restricted.66

Ultimately, the prognosis for both conditions is generally excellent when managed appropriately (Table 4).
Despite the profound capacity for recovery in children, the ultimate goal for PACS remains unchanged: early recognition 

and emergent surgical decompression are essential to saving the limb and ensuring a complete return to normal 
function.8,10,15 Conversely, for patients who decline surgical intervention for CECS, normal daily functioning is entirely 
possible, though their participation in strenuous sports will remain significantly restricted.66

Table 4. Clinical characteristics and outcomes of neonatal compartment syndrome.

Condition or 
fracture pattern

Prevalence/ 
Incidence

Key diagnostic 
indicators

Treatment/ 
Management 
protocols

Reported 
outcomes/ 
Complications

Source

Non-fracture Acute 
Compartment 
Syndrome 
(Trauma, IV 
infiltration, 
infection, 
iatrogenic).

Up to 30% of all 
ACS cases; 
includes ICU 
patients with 
obtunded 
sensorium.

Mean time to 
diagnosis >48 hours; 
symptoms include pain 
(85%), swelling (72%), 
and tense 
compartments.

Prompt surgical 
decompression 
(fasciotomy) and 
treatment of 
underlying cause 
(e.g., infection 
control).

Poorer outcomes 
than fracture- 
associated ACS; 
54% muscle 
necrosis; 25-31% 
persistent 
deficits.

2,9,20,33,41

Iatrogenic causes 
(Traditional 
Bone Setting).

39.6% to 65.3% 
of major 
amputations 
in specific 
series.

Intense pain out of 
proportion; black/ 
gangrenous limb; cold 
and pulseless extremity.

Urgent fasciotomy 
and debridement; 
often requires limb 
amputation 
(shoulder or 
forearm).

High rate of 
amputation, 
sepsis, and 
lifelong 
disability.

14,21,46

Neonatal forearm 
compartment 
syndrome.

24 cases over 
20 years.

Sentinel bullous or 
ulcerative skin lesion on 
dorsal forearm/wrist; 
distal edema.

Emergency 
fasciotomy (rarely 
performed early); 
late cases require 
reconstructive 
surgery.

Volkmann’s 
contracture, 
muscle loss, and 
bone growth 
abnormalities.
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